INTRODUCTION
The circular genome of the F-specific filamentous coliphages M13, fd and f1(Ff) can be divided into two domains which show widely disparate transcriptional activities (1, 2) . The first domain, encompassing the genes II, X, V, VII, IX and VIII, is transcribed very frequently. It is separated from the second domain (genes III, VI, I and IV) by a Rho-independent transcriptional terminator T(0.25) located immediately distal to gene VIII on one side and at the other side by the intergenic region (IG) in which a packaging signal for phage morphogenesis and the replication origins for (+) and (-) strands are located ( Fig. 1) .
Transcription of the first domain and the regulatory principles involved have been studied in large detail (1-8, Smits et^ a]^. , in preparation). Detailed information with regard to the mechanism(s) of expression of the infrequently transcribed, second domain is still lacking.
Neither in minicells containing Ff DNA nor in Ff-infected E.coli cells RNA transcripts have been found which cross the IG (1, 2, (6) (7) (8) . Transcripts made in vitro do cross the IG although on the basis of jLn_ vitro transcription studies in the presence of purified Rho-factor it has been hypothesized that a Rhodependent termination signal is located in this region (9) (10) (11) . Since in addition no RNA species were found which were able to direct the in_ vitro synthesis of both gene III-and gene IV-protein, it has further been suggested that still other transcription termination signals might be operating in this second domain (12) . The occurrence of such termination signals is in agreement with our previous data (1) which indicated that the transcriptional activity of the regions immediately distal to genes VIII, VI and IV is much lower than that of the regions located upstream these sequences. Since these data only relied on the quantitation of the RNA produced by different regions of the Ff genome and a detailed analysis of these RNAs has not yet been made, we have continued our studies towards the identification and characterization of the transcripts encoded by the "silent" second domain. In particular, we have concentrated our studies on the precise location of the sites where initiation and termination of transcription occurs. The studies described have been performed with the Ff bacteriophage Ml 3.
MATERIALS AND METHODS

Bacterial strains and bacteriophages
Phage M13 is from our own laboratory stock. RNA was prepared from M13-infected cells of E.coli K38 or from minicells produced by Ml3-infected cells of E.coli strain N3O26 (6, 13) . The conditionally-lethal Rho mutant E.coli AD 1600 (hi.8 + \gal3, rho\S, str r ) was kindly provided by Dr. S. Adhya (14) .
Preparation of ( H)-uridine labeled RNA
E.coli cells were grown at 37°C in TPGA-medium (5) to 2.10 cells/ml and infected with Ml 3 phages at a multiplicity of infection of 40. After 10 min at 37 C, ( H)-uridine (100 pCi/ml) was added and cultivation was continued for another 10 minutes. The procedures for the cultivation of the minicellproducing strain E.coli N3026 and the isolation of minicells have been described earlier (6) . After resuspending in TPGA medium minicells were incubated at 37 C for 20 min in the presence of ( H)-uridine. Extraction of intact RNA from infected cells or minicells was performed as described by Rivera etd. (5) .
Mapping of transcripts
Heat-denatured Ml 3 RF or restriction fragments of Ml 3 RF were covalently coupled to freshly prepared discs of diazobenzyloxymethyl (DBM) paper as which is within the stem-loop junction of the terminator T(0.25) (Fig. 3C) .
Apparently, the latter structure has been formed within the hybridization probe (Fig. 3C, insert b) . The cleavage site which generates band "c" coin- hybridization of 18S RNA due to competition with these RNA species (Fig. 3C, 
insert c) .
A startpoint of 18S RNA at nucleotide position 1544, as shown here, leads to the conclusion that this RNA is initiated at a promoter which partially overlaps the Rho-independent terminator T(0.25) (Fig. 3O . This conclusion is not only supported by the presence of a nucleotide sequence in front of this 5'-terminal end which is fairly homologous to the consensus of E.coli promoters (20, 21) but also by previous _in_ vitro transcription studies (4, 22) . ynder the latter conditions RNA initiation at this site was only observed at high ratios of RNA polymerase to DNA (22, 23) . Since the RNA initiation site is confined in the transcription termination signal T(0.25), it might well be that the activity of this promoter is influenced by the RNA polymerase molecules transcribing the DNA region immediately upstream this promoter.
From the position of its start site and the estimated length of about 1800 nucleotides we predicted that the 18S RNA is a bicistronic message covering both genes III and VI and that its 3'-terminal end is located within the Hmfl-K sequence (Fig. 1) . Sl-nuclease protection experiments now show that its exact position is at nucleotide 3343 (Fig. 3B) , which is immediately downstream a GC-rich region which possesses the intrinsic property to form a stable stem-loop structure (Fig. 3C) . Since hairpin formation within a growing RNA chain causes RNA polymerase to pause (24, 25) , this GCrich region of dyad symmetry might function either as a pause site or a termination signal for transcription. We infer that the latter function is more likely. First, the transcriptional activity of the DNA region located immediately distal to this site is markedly lower that that of the region immediately upstream this sequence (1) . Secondly, in the infected cell this 18S RNA can still be detected 10 Bin after the addition of rifampicin (unpublished data). Finally, the synthesis of 18S RNA can no longer be demonstrated under non-permissive conditions in E.coli cells carrying a conditionallylethal mutation in the Rho gene (Fig. 4) . Hitherto, two protein factors (Rho and NusA) have been identified which participate with RNA polymerase in regulation of transcription termination (25) . It is therefore of interest that we find a sequence CGCTCGTTA at 80 nucleotides upstream the GC-rich region of dyad symmetry and a similar sequence 330 nucleotides more upstream this region which are very identical to the sequence CGCTCTT(T)A, designated boxA, which is most probably required for NusA interaction with the transcription complex (24, 25) .
Hybridization of total RNA from mimcells to restriction fragments derived from the distal part of the second transcription domain resulted in the selection of one 16S RNA (1500 nucleotides), one ma]or 17S RNA and several minor 17S RNAs varying in length from 1600 to 1680 nucleotides (Fig. 2, lanes 5-8) . These RNA species were also selected by DNA fragments (MboII-C, HboII-G) derived from the proximal part of gene IV but not by fragments containing the proximal part of gene I. These data therefore suggest that these RNA transcripts are initiated at a promoter immediately preceding gene IV.
As shown in Fig 5, This sequence has many characteristics in common with E.coli promoter regions.
The three bases of the Pribnow-sequence (centered around -10) which most pronouncedly affect promoter function, are conserved whereas at position -35 a sequence is found which is strikingly similar to the "recognition site" of most E.coli promoters (20, 21) . From these data we infer that the 16S and 17s RNA species are initiated at the promoter indicated above which immediately preceeds the gene IV sequence. The estimate of 1500 to 1680 nucleotides for these RNA species is in agreement also with the expected capacity of these molecules to code for gene IV-proteln of 426 amino acid residues in length.
The hybridization data presented in Fig. 2 and the observation that the 16S and 17S RNA species do not hybridize to fragment Haelll-D (1) (Fig. 1) indicate that their 3'-terminal ends are located in the intergenic region (IG) between genes IV and II. This region comprises five well-defined palindromic sequences, denoted A through E (Fig. 1) , which play an important role in DNA replication and phage morphogenesis (27) (28) (29) . Since it has been demonstrated unambiguously that these palindromic sequences are present as very stable stem-loop structures in the single-stranded viral DNA (30) , it is very likely that such structures are also formed in growing RNA chains. Consequently, they might cause RNA polymerase to slow down and/or terminate transcription. From Fig. 2 (lanes 5,6,8 ) it is evident that both the 16S and 17S RNAs are selected by fragments which contain the hairpin A sequence.
Fragments which do not contain the latter sequence but which comprise the hairpins B through E (Hpall-F, MboII-D) do not hybridize to the 16S RNA but still bind the slightly longer 17S RNA species (Fig. 2, lane 7 In previous studies it has been demonstrated that transcripts made iri vitro in the absence of Rho-protein cross the IG region whereas in the presence of Rho-protein transcription termination events are induced in this part of the genome (4, (9) (10) (11) 31) . Since the studies presented here clearly demonstrate that very few if any transcripts cross the IG region _in_ vivo, it is likely that the observed 3'-terminal ends of 16S and 17S RNA are generated by Rho-medlated transcription termination events. Basically similar conclusions were recently reached with respect to transcription termination in the IG region of the M13-related bacteriophage fl (31) .
